Heat stress is a significant burden to animal production in most areas of the world. Improving our knowledge of physiological and metabolic mechanisms of acclimation may contribute to the development of procedures that may help to maintain health and production efficiency under hot temperature. The effect of Ulmus pumila (UP) extract in inducing Heat Shock Proteins (HSPs) expression in heat-stressed RAW264.7 macrophage cells was investigated. Cell viability assay showed a dose dependent increase in cells after treatment with UP for 24 hours. RT-PCR and western blot analysis showed that increasing concentrations of UP induce the expression of Heat Shock Factor 1 (HSF1) and dose dependently upregulated the expression of Heat shock protein 70 (Hsp70) and Hsp90. LPS-induced nitric oxide was dose-dependently reduced while phagocytic activity greatly recovered with UP treatment. These data demonstrated that UP can be a potential candidate in the development of cytoprotective agent against heat stress.
INTRODUCTION
The earth's climate is predicted to continually change at rates unprecedented in recent human history. The increasing concern with the thermal comfort of agricultural animals is justifiable not only for countries occupying tropical 
MATERIALS AND METHODS

Preparation of Ulmus pumila extract
Dried roots of Ulmus pumila was freeze dried and pulverized to powder form. Dried powder root of UP (300 g) was then soaked in 80% ethanol for 24 hours. The extracts were collected and the same process was repeated three times. The total extract was collected, filtered and evaporated under reduced pressure. The end product was freeze dried and the powdered extract was kept in deep freezer (-70°C). (100 U/ml), streptomycin (100 mg/ml), and 3.7 mg/ml of NaHCO 3 . Cells were cultured in a humidified environment and incubated at 37ºC in 5% CO 2 .
Heat stress procedure
Cells were incubated for 1 hour in a cell culture incubator equilibrated to 42℃ with 95% humidity, and 5% CO 2 . Following incubation, the cells were returned to a 37℃ incubator and allowed to recover for 1 hour before extract was added or cells were harvested for analysis. 
Cell viability analysis
Phagocytosis activity Assay
The phagocytic activity of RAW264. and evaluated at 550 nm in an ELISA reader.
RT-PCR analysis
Total RNA was extracted from RAW264.7 cells using RNAiso Plus (Takara Shuzo Co.)
according to the manufacturer's instructions. 
Effect on nitric oxide (NO) production
NO assay was performed for better representation of the protective effect of UP against heat stress. The effect of UP on NO production in LPS-induced RAW264.7 cells was presented in Fig. 2 . NO production was down-regulated in a dose-dependent manner from 50 µg/mL to 400 µg/ml. Although exposure to heat stress did not drastically affected the production of NO, the treatment of UP in heat stressed RAW264.7 cells strongly inhibited the production of NO.
Macrophages play important roles in inflammation through the production of several proinflammatory molecules including NO. However, excessive production of NO has been associated with a wide range of inflammatory diseases including ischemic perfusion, hypertension, septic shock and arteriosclerosis (Terao, 2009 ).
In the present study, UP demonstrated that it can effectively inhibit the inflammatory process by suppressing the production of NO in LPS- Even though the exact mechanism of action for the cellular thermotolerance improvement through the increased levels of HSP is still unknown, it is enough to speculate that Hsp70 is involved in preventing protein denaturation and/or processing denatured proteins and protein fragments that are produced by stressors such as hyperthermia (Kregel, 2002) . 
CONCLUSIONS
